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SUMMARY

The te8t8reported in this paper conclude the i~wtxtig~
tion of lunding-geardrag tti has been carried out in h
N. A. (7. A. 90~oot wind tunnel. They supplement
earlier tests (reportedin TechnicalReport No. @5) &
wiihfuU-wale dummywk+-eik,wheelfairingsj and lunding
gear8iniendedfor airplunes of 3,000 pounds gross weight
and include te8t8of tail wheelsand tad 8kk?.8.

For airpl.m.a of this weigti cJa8@ic&0n th8 Ta3uZ#8
huihxzie that tha drag of a i?uno%nggeur king 8&7ht
wheel-strut interference will be nuderially less when

e@pped with the proper 8ise of 8treandin4wh.ed-sthm
whenfwrnixhed &h lowpremuxe wM. The drag of
a aznlikxr lunding gear is m low when quipped &h
the proper tize of streamline wheels m when equipped
with kwpremure whtel.s and tb bed type of wheel
fairing.

Two of the landing gear8 texted combine, to a high
degree, the 8tru.c-tura.ladaantagexof the tripod typ~ &h
the low drag of tb full cun$ikvertypee.

The drag of a conoenlionul tripod landing gear &h
8tream.linawheek c-an be reduced about 39 percent by
c-arefwlfairing of all 8tmd inter8ectti.

Ecpding jilkts are useful in reduoing Lznding+war
drag, especially on landing gear8 thm$am attached to
Wi?198.

T/wdrags of tuil-wheel unizk and tail skzii%are, euen
in the wor8tc-a8e,almost negligibk

INTRODUCTION

The suggestions and querks that folIowed the publi-
cation of reference 1 resulted in a considerable exten-
sion of the original program of the investigation of
landing-gear drag. The fit part of the extended pro-
gram was reported in reference 2 and deals with tests
of landing gears for low-wing monoplane having a
gross weight of about 16,000 pounds. The second
part of the extended program is herein reported and
contnins information on the drag of nonretractable
landing gears for airplanes of about 3,000 pounds
grOSS weight.

Data were obtained cxmoerningfive general subjects:
1. Drag measurements of several landing gears each

equipped with 21-inch and 24-inch streamline wheels
in addition to the 27-inch streamhe and 8.50-10
low-pressure wheels previously tested. Since the pub-
lication of referenoe 1 the load- camying capaoity of
the streamline wheels has been changed, the 21-inch
and 24-inch now overlapping at about 3,000 pounds
and the 27-inch being used on heavier airplanas.

2. Development and tests of landing gears oomb~
the beat features of the cantilever and tripod types.

3. Tests of additional fairings, particularly about the
wheel-strut intersections.

4. Measurement of the mutual interference between
a wing and attached landing gear.

5. Measurement of the drag of a tail-wheel unit and
that of several tail skids.

APPARATUS

The tests were made in the N. A. C. A. 20-foot
tunnel which with its *t equipment is fully desoribed
in reference 3. The method of supporting the test
models on the balance is shown by figure 1.

All the test models were designed for an airplane of
3,000 pounds gross weight. The fuselage, engine,
wing, and most of the landing gears used for these tests
were the ones used for the tests reported in reference
1, differing only in the strut fairings and size of the
wheels. The fuselage dimensions as well as the land-
@ g~, *, ~d ebe 10~~0~ me ~0~ ~
figure 2.

Wheels.-In addition to the 8.50-10 Iow-pressure
wheel and the 27-inch streamline wheel used for the
tests of reference 1, new 21-inch and %inch stream-
line wheels were added beoause they are commonly
used on airplanea of about 3,000 pounds gross weight
in place of the 27-inch wheels, which are now being
used on heavier airplanes. The wooden models of
the wheels (see @. 3) were made to a tolerance of
dz% inch. All tires had smooth treads.

Landing gears.-AU the landing gears were designed
to OOrnplywith the requirements of the Bureau of
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Air Commerce, Department of Commerce, and the
design outside dimensions were strictly adhered to in
the fabrication of the various parts. Landing gears la,
ha, llb, 15a, 15b, 15c, rmd 16 (see figs. 4, 5, 6, 7, 8, 9,
and 10, respectively) were attached directly to the
fuselage. Lsmling gear 13 (@g. 12) was attached to
the wing. Landing gears la, ha, llb, and 13 were of
the same basic type-sas those reported in reference 1;
landing gears 15a, 15b, 15c, and 16 were types not

in the rear. Tail skid 2 consisted of two struts in
tandem, one of which was an oleo unit. TrLilskid 3
was of the cantilever spring-leaf type; tail skid 4
was of cantilever construction with the shock-absorber
unit inside the fuselage.

TESTS

Drag and air speed were measured for all teats rmd
additional lift measurementswere taken in conjunction

previously tested. Dimensions for the wheel fairings
used on landing gears ha, llb, and 13 maybe obtained
from reference 1.

Tail skids and tail-wheel unit.-The tail-wheel unit
used in the tests was taken from service and consisted
of an Air Corps tail-wheel fork and a 10 by 34 wheel.
The principal dimensions of the unit maybe obtained
from reference 4. Figge 14 shows the location of
this unit with reference to the test fuselage and also
shows the dptails of tail skids 1, 2, 3, and 4. Tail
skid 1 was of tripod construction with an oleo unit

with the tests of landing gems 13 and 16. Lrmding
gear 13 was the only landing gear whose drag was
measured in the presence of the wing. Landing gears
lla and 13 were tested in conjunction with a radial
air-cooled engine located in the nose of the fuselage
but in the absence of propeller slipstream.

landing gears equipped with four different wheels,—
Landing gears la, ha, llb, 15n, Mb, and 160 were
tested when equipped with 8.50-10 low-pressurewheels,
and with 21-inch, ‘&inch and 27-inchstreamlinewheels.
It was thought tkmt such a variety of landing gears

?>
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would give an indication of the relative merits of these
wheels on shnost any type of nonretractable landing
gear for a 3,000-pound airplane.

Landing gears combining the advantages of the
cantilever and tripod types.-Because the tests re-
ported in reference 1 had indicated that the drag of
conventional tripod landing gears was large because
of the high intmference and fitting drag, it was thought
that if this part of the drag of a tripod landing gear
were eliminated it would be possible b combine the
light structure of such a landing gear with the low-drag
features of the cantilever types. WW this ida in
mind, landing geam 15a, 15b, and 15c (f@. 7, 8, and 9)
were designed and tested.

Ud.ing gears with various fairings and modillca-
tions.-lkding gear la w- tested with a long-tailed
fairing at the wheel-strut intersection and then with
additional fairinga at the asle cross and the intersection
of the landing gear and the fuselage. The drag of the
landing gear was later measured with the additional
fairinga on but with blunt-tailed fairings replacing the
long-tailed fairings at the wheel-strut intareection
(&. 4). Landing gear 13 was tested with modifications
1, 2,%,4,5, and 6, which axeshown in iigure 12. Land-
ing geara 15a, 15b, and 15c were tested with fairinga
at the wheel-strut intawxtions and then landing gears
15a and 15c were tested without the fairinge (iige. 7,
8, and 9, respectively). The drag and lift of landing
gear 16 was measured with and without an expanding
iillet at the intersection of the fuselage and landing
gear (i&. 10).

Mutual effeot of wing and landing gear on landing-
gear drag.-Lift and drag measurementswere obtained
for a set-up composed of the fuselage, wing set at 0°,
and landing gear 13 for various angles of pitch from
–5° to 6°. Siiar measurements were obtained for
the fuselage and wing combination with the landing
gear removed. From these data the landing-gear
drag with respect to the total lift was determined,
thereby taking into account any changes in induced
drag due to the presence of the landing gear.

Tail-wheel unit and several tail skids.-The drag of
the tail-wheel unit in its original form and with modi-
fications 1 and 2 was measured with the landing gew
removed. The drag of tail skids 1, 2, 3, and 4 was also
obtained. (See & 14.)

ACCURACY

Tests made in conjunction with the fuselage alone
are estimated to be accurate to within +0.5 pound;
tests made in conjunction with the fuselage, wing, md
engine at various angles of pitch are believed to be
accurate to within +1.0 pound. The faired lift curves
are considered correct within +1 percent at 0° angle
of pitch. The discrepmcies between the results
obtained in this investigation and those reported in
reference 1 for similar conditions are believed to be

COMMITTEE FOR AERONAUTICS

due to diilerences in the set-ups made at the two
different times.

RESULTS AND DISCUSSION

All drag and lift values presented in this report were
taken horn faired curves of drag and lift plotted
against dynamic prwmre. In all cases, excepting
those where the forces are presented plotted against
angle of pitch or lift coefficient, the values are given
for 0° angle of pitch.

h.nding gears equipped with four diilerent
wheels .—The results of the tests of several landing
genrs equipped with different wheels are given in the
figures showing the landing gears and, for convenience,
are summarized in table I. Somo of the results
obtained during the original teatspresented in reference
1 are included for comparative purposes.

The redts of te3te of landing gear la (fig. 4)
equipped with the 8.50-10 lo-iv-pressurewheel and the
24-inch and 27-inch streamline wheels confirm those
of reference 1 in showing that the streamline wheel
has no aerodpamic advantage over the low-pressure
wheel unless the interference at the wheel-strut
intersection is small. Unless this wheel-strut inter-
ference is small the low-pressure wheel is slightly
superior.

The 8.50-10 wheel and the 21-inch, 24-inch, and
27-inch streamline wheels were used on landing genr
ha. (See iig. 5.) Since the landing gear hnd very
small interference ,and total drag the streamline wheels
were better than the low-pressure wheel. The drag
with the 21-inch wheel was reduced to 20.0 pounds,
6.5 pounds less than that of the low-pressure wheel
under the same conditions and only slightly greater
than the drag with the low-pressure w-heel and the
best wheel fairing (wheel fairing C).

When the same wheels were used with h-mdinggear
llb as were used with lla the superiority of the stream-
line wheels was even more pronounced. (Seo fig. 6.)
The use of the 24-inch stmamlino wheel resulted in a
landing-gem drag equal to that with the 8.50-10 low-
pressure wheel and whool fairing A. When the 21-
inch wheel was used tho lnnding-gear drag dropped
from 17.5 to 13.5 pounds. In addition to the low
drag that can be obtained with the proper size of
streamline wheels without wheel fakings, further
advantages are presented in that the installation is
lighter, less ccstl~, and more accessible for repairs.

Tests of landing gears 15a, 15b, and 16c again
demonstrate that the streamline wheel is effective in
reducing the landing-gem drag, especially when the
wheel-strut interference is reduced. (Seo figs. 7, 8,
and 9.) & might be expected, the smallest stream-
line wheel reduces the drag the most.

landing gears combining the advantages of the
cantilever and tripod types.-Landing geara Ma, 16b,
and 15c were designed and tested in an effort to
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eliminate the high interference and fitting drag of
conventional tripod landing gem-a and bring such
hmding geara into the same drag range as the canti-

rrl

was only about 4.0 pounds greater than that of canti-
lever landing gear llb; the additional drag represents
that duo to the struts. (Cf. figs. 6 and 9.)

Expanding fine t,
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FIGURE10.—DImemfoIuof lanti mar 10.

lever types. It is apparent horn @ures 7, 8, and 9
that landing gear 15a with the oleo-sxle intersection
next to the wheel is not the equal of landing gears 15b
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or 15c on which the interference has been reduced by
havimg the intersection placed a considerable distance
up the axle. Landing gears 15b and 15c lmdpractically
the same drag when tested under similar conditions.
Both had very low drags for tripod landing gears.
With streamline wheels the drag of land@ gear 15c

Landing gears with various fairings and modifloa-
tions,-Figure 4 shows the effects of two di.fbrent fair-
ings at the wheel-strut intersection of landing gear la.
One faking had a long tail and the other was blunt at
the rear. The long-tailed fairing was appreciably
more effective in reducing the drag, as may be seen by
an examination of the drag values. This fairing when
used in conjunction with the 24-inch streamline wheel
reduced the lamhg-gem drag from 44.0 pounds to
31.0 pounds thereby effecting a saving in drag of 30
percent. Fairing all strut intersections at the fuselage
and also the axle cross accounted for a further decrease
of 4.0 pounck

The negligible effect of an engine on the drag of
landing gear lla with 8.50-10 low-pressure wheels and
wheel fairing C is shown in figure 6.

The effecti of vmiou.s modi.ktions to landing gear
13 are shown by figure 13(b). At a lift coefficient of
0.2 the drag of the original lading gear is shown to be
12.6 pounds at 100 miles per hour. The addition of
expanding fillets (moWcation 1) reduced the drag
to 11.0 pounds. When the engine was placed in tho
nose of the fuselage (modification 6), the drag of the
landing gear dropped to 10.5 pounds. These drag
values are the lowest recorded for any nonretractable
landing gem tested during the investigation. When
modification 2 (wheel fairing extended to wing) was
made to the original landing gear, the drag was in-
creased from 12.5 to 21.0 pounds. The addition of
modifications 3 and 4 (expcdiug fillets of difhrent
~e) to the landing gear in this condition reduced the
drag horn 21.0 pounds to 17.0 and 15.0 pounds for the
mmll and large iillets, respectively. When streamline
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side brace struts were added (modification 5) to modi-
fications 2 and 3 and to modifications 2 and 4, the drag
was increased to 26.0 and 23.0 pounds, respectively.

Mutual effect of wing and landing gear on landing-
gear drag.-l?igure 13 shows how the mutual effect of
a wing and landing gear may affect the drag credited

u Modificafhn 1, expondinq fillef. W, Mod. 3,expand;ngfillefmax.rod.6-) Y Mod 5,afrcumlme fube,/
( 97 2(850 IO !OW-,t&Jre .%::$;~ Mod. 2, wheel foir(ng ex+endedh whg. X, =W4, - “ R - . -
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Modification 6 (engine in fuselage) in combination with
modifications 2 and 4 resulted in a drag of 13.0 pounds,
just 2.6 pounds greater than for the landing gear in its
best condition (modifications 1 and 6). In all tests
where the engine was used it was in the uncowled con-
dition. Results reported in reference 1 showed, how-
ever, that there was little difference in the effect of the
engine on landing-gear drag when the engine wcs
uncowled and when it was equipped with N. A. C. A.
cowling.

The effect of adding a wheel-strut fairing to lading
gear 16a is shown in iigure 7. “The faking decreased
the drag but not nearly as much aa did a similarfaking
on landing gear la (iig. 4). The reason for thi9 differ-
ence is not clear for the fairings were very much alike
and so were the intersections at the wheel and struts.

Figure 9 shows how a fillet at the wheel-strut inter-

section Mected the drag of landing gear 15c. The

fillet reduced the drag 1.5 and 1.0 pounds when used

with the 8.50-10 low-pressure and 24-inch streamline

wheels, respectively. Although the reduction was not

great, it is probably sufficient to warrant the use of

such Mets.

The results of drag and lift tests made with landing

gear 16 (fig. 10) are presented in iigure 11. Inasmuch

m this landing gear had a large lifting surface, it was

thought advisable to take lift data in conjunction with

the drag measurements. The landing gear was

tested with and without an expanding iillet at the

fuselage junction. The flet had practically no effect

on the lift and little effect on the drag. The drag waa

higher than expected, being about 28.0 pounds at 100

milks per hour.

to the landing gear, depending upon the manner of
presenting the results. Landing gear 13 (fig. 12) was
used for this illustration. The curves in figure 13(a)
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were taken from those prcmmtedin reference 1 and are
based on the assumption that the landing-gem drag
was the difference in drags of the sekups, with and
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without landing gear, at the same angle of pitch. This
method did not take into account any change in in-
duced drag that might be caused by the presence of
the landing gear. Figure 13(b), which presents the
results of the present investigation, does take into
account changes in induced drag because the lmd.ing-
gear drag was obtained by taking the difference
between the drags of the se&ups, with and without
landing gear, at equal lifts.

A comparison of the two sets of curves shows that
the change in induced drag should be considered, ~
pecially after modiiicaticm 2 (wheel fairing extended
to the wing) has been made. At a lift coefficient of
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Tail-wheel unit and several tail skids,-Figuro 14
givas the drag of a tail-wheel unit and several tail skids
when measured TV-MIno landing gear on the fuselage.
The addition of a wheel fairing to the tail wheel did
not decrease the drag of the unit. Adding o stream-
line fairing to the fork did decrease the drag a small
amount (0.6 pound). Tail skid 1, which was built of
round tubing, had slightly less drag than the tnil-
wheel unit in its best condition, 3.0 pounds as com-
pared with 3.5 pounds at 100milesper hour. Tail skid
3 had me highest drag, being equal to Qmt of the tail-
wheel unit in the unhired condition (4.0 pounds).
Tail skid 2 had but 1.5 pounds drag and tail skid 4

.

Tail skfd l—Dregat lW m. p. h..-. ----. -... - . . . . . . . . . ..-.. wnn~.. 3.0

Tail sHd 2-Dreg at lCBIm. p. h.-pmnds- L5 Tail skid S-Drag at lIXIm. p. h..-~nnck. 4.0 ‘rail Md 4—Dragat lwIm. p. h_..pmmd.- LO

FmtmE M.—Dragand dlmemkm Of~-whd IUdtand varioustailgklds.

0.2, which is a reasonable assumption for the high-speed
condition, the angle of pitch for the set-up without
Iandhg gear was —0.75°. If no induced-drag change
duo to the presence of the landing gear be assumed, the
&~ of fie l~~g gear wi~ mo~~tion 1 ~o~d be

14.5 pounds. By the present method the drag is shown
to be 11.0 pounds. The difference is not large for thi9
case. A similar comparison of the landing gear with
modification 2 shows that drag varies from 14.5 pounds,
assumingno induceddrag change, to 21.0 pounds. The
results also definitely show that modification 1 is supe-
rior to modification 2, a fact not indicated in reference
1. Check tests have proved that other redts reported
in reference 1 where landing gears wore tested in con-
junction with the wi.rg are not subject to any appre-
ciable induced-drag correction.

only 1.0 pound. These results indicate that tho drag
of tail-wheel or skid units, even in the worst cases, is
almost negligible.

Effect of landing gears on high speed,—l?igure 46 of
reference 1 may be found convenient in computing the
effects of the various types of landing genrs on the high
speed of an airplane.

CONCLUSIONS

The results of this investigation indicate the follow-
ing to be true for airplanesof 3,000 pounds gross weight:

1. The drag of a landing gear, for which the inter-
ference between wheels and struts is small, is appreci-
ably less with streamline wheels than with low-pres-
sure whmls of equal load+ arrying capacity. When
the wheel-strut interference is l@h the drag of a
landing gear with streamline wheels is greater.
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2. A low-drag cantilever landing gear has about the

same drag when equipped with the correct size of

streamline wheel as when equipped with the low-

prmsure wheel and the best type of wheel faking.

3. By careful design to elimimto acute m@w

between the members and by faking the fittings, the

drag of a tripod landing gear can be made to approach
that of a cantilever landing gear without any marked
increase in weight.

4. The drag of a conventional tripod landing gear
with streamlinewheels may be reduced as much as 39
percent by carefully faking the strut intersections.

5. Expanding Mets are useful in reducing landing-
gear drag, especially on landing gears that are attached
to wings.

6. The drag of tail-wheel units and tail skids is,
even in the worst cams, almost negligible.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., iVovemlwr91,1934.
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TABLE I.—THE DRAG AT 100 M. P. H. OF VARIOUS LANDING-GEAR AND WHEEL ARRANGEMENTS

[8J43-10IOw-premrsWh@@21-hmhjMm@ and 27-fnOhstrwmMa Wheals]

hrdfw-&=3r and Wkd ~t m hndfng~ end whealemangamant Drag

am h tith whed+tmt int8i-swtfonstdofmd: Poutiu$ Qmr 163UnInodfad
24fnoh ww-----------------------------------------------------

Am&8

8MH0 wheal&ti Ofl’of~m ~------------------------------ 426
244noh wh~---------------------------------------------------

(IW la with Iowtaaad fahiagaat wheel-t fnteiwctlonx
8.50-10wm---------------------------------------------------- !22.0

24hrchwhA .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ossr Mawflh Mrfns at whmktrut fntarsw$fanx

3LO
@nr le withlong-tied fefrfnwat whwktrut intersectionssnd feldngs

21-Inohw~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 2%0
24inahw~------------------------------------------------- n. o

at sIIotherstrut fntmmtkms, InoludIngaxlem
Z.t-inchwh~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

27-hmhwhh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 30.0
27.0

n-fnoh w~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3a5
3.50-10whw------------------------------------------------------ 3LO

~&~~faMngs at w
8,KI-10whwls. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -------- 2Z5

kaktmt fnk%ectfensand all Oti strut

Gearlawlthblunt-tafledMrfnmatwhwktrnt int8rmifonsendfafring m-fnahw~-------------------------------------------------- 220
at aUotherstrut Intorsectlmqfncludfngrulecross

24hlch w~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 34.5
8.50-10whmle _____ -------------------------------------------- 25.0

8.W-10W~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- 35.5
Q~A~ wfth Mrfngsat sll fnterswtIomexceptthe wheel-t fnt8r-

(kor Mawith 14inch chordOMOUslongthe sideof whwk.
21-inchwhwL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . alo

24A whh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23.0

241nchwhmk. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
8M-10 Wheak-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . n. o

n-id Wti~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
ayAtio~tiB at WheekmrntIntnrawttamand au otherstrut

2:
27-inahwheek t0$t80f~~ 1..-- . . . . . . ..-. --.--. . . . . . . . . 22:
8.s2-10whw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

21-fnoh wh~------------------------------------------------- 17.5
24fnehwh*----------------------------------------------------

kor llb unmodffled: 2i-fnehwh&--------------------------------------------------- E!
2&:g ;&~---------------------------------------------------- l%s 8.CO-10wh*----------------------------------------------------- ‘2&S

. . . . . . . . . . . . . . . . . . . . . . . . . ------------------------ --- 17.6
n-hmhwh~-------------------------------------------------- %5
n-hmhwhwQ MS of rafaranca1---------------------------------- 2L5
MO-1owh* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-
8OW1Owheel%tam of *m L . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2:


